









































































































of  people with  epilepsy  from across  the world  including UK, USA,  Australia,  Singapore,  Brazil  and 
Scandinavia, in both tertiary  and community settings6‐8. Stressful life events have also been described 
as trigger for new onset seizures9, and patients with epilepsy who report stress as a seizure trigger are 
more  likely  to  the  early  life  stress  from  childhood  traumatic  experiences,  particularly  emotional 
abuse10. However  such  studies  are  inherently  dependent on patient perception and memory,  and 
often have inherent selection biases, so methodologically unreliable. Loss of self‐control is the most 
disturbing psychosocial consequence of epilepsy and trying to find connections between their seizures 
and  external  or  internal  events  that  give  a  feeling  of  predictability  is  a  natural  likely  coping 
mechanism11. 
Seizures and epilepsy have also been studied following traumatic events. For example as reviewed 
elsewhere6  people  evacuated due  to  flooding  in  the Netherlands  had more  seizures  compared  to 





























In  terms  of  prospective  studies,  these  are  few  and  hampered  by  a  lack  of  clear  definitions  and 
standardized assessment tools. Stressful verbal stimuli presented to healthy controls has been shown 
to produce subtle EEG changes (narrowing of the bandwidth and regional changes in frequency) of 
sufficient magnitude  that  a blinded  reviewer  could  correctly  identify 92% of  stress  stimuli on EEG 






Thus,  although  there  is  reasonable  support  from  clinical  studies  that  stress  might  lower  seizure 
thresholds,  it  is  difficult  to  separate  the  effects  of  stress  per  se  from  confounders  such  as  sleep 
deprivation,  alcohol  and  missing  medication  or  to  separate  cause  from  effect.  In  addition,  as 
highlighted by one of the most recent prospective studies, it is often difficult to disentangle between 
the  subjective perception of  stress  and other premonitory  sensations preceding  seizures or mood 
disorder  symptoms17.  In  fact,  changes  in  the  brain  preceding  a  seizure  might  increase  patient 
perceptions of stress and anxiety rather than the converse.  
DOES STRESS CAUSE SEIZURES/EPILEPSY? NEUROBIOLOGICAL EVIDENCE  
It  is  interesting  to note  that evidence  from pre‐clinical animal  studies suggests  that acute stress  is 
anticonvulsant and protects  from seizures although  results vary  in different models  18.  The  largest 






















and  lowers  the  insult needed  in  later  life  to  trigger epileptogenesis e.g by hyperexcitable 
neurotransmission due to decreased gamma‐aminobutyric acid inhibition, changes in neural 
structure  due  to  corticotropin‐releasing  hormone  elevation,  damage  from  inflammation, 
decreased brain derived neurotrophic factor  or delayed white matter development22. 





epilepsy  in  rodent  models  with  acutely  provoked  (kindled)  seizures  as  well  as  in  clinical 
studies of status epilepticus, although antiepileptic drug treatment is a potential confounder 









(i) Decreasing  the  latent  period  of  epileptogenesis.  Many  of  the  processes  thought  to 















multidirectional  relationships  between  stress  and  these  disorders.  It  is  well  known  that  stressful 
events can precipitate depression or anxiety, but attempting to dissect out the causal relationships 
between seizures, stress, anxiety, depression and other confounding factors such as sleep deprivation 
has  yielded  sometimes  conflicting  results.  A  longitudinal  cohort  study  of  over  400  community 
recruited patients using a range of validated scales applied retrospectively at two time points looked 


















influences.  Western  culture  has  a  mechanistic  explanation  of  stress  reflected  in  relaxation, 
biofeedback  and  cognitive  techniques. Asian  cultures have a  somatic  expression of  stress  giving  a 


























BOX 2: PSYCHOLOGICAL AND MIND-BODY TREAMTMENTS OF 





























weekly  mindfulness  compared  to  social  support  was  associated  with  clinically  important 
improvements in quality of  life, and reductions in   seizure frequency in drug‐resistant epilepsy34. A 
Cochrane  review  of  Yoga35  in  epilepsy  found  yoga  treatment  was  better  than  no  intervention  or 





with significant  (61%)  reduction  in median seizure  frequency overall. More  recently, a  small  study 
(n=11) using skin conductance biofeedback has shown promising initial results, with an almost 50% 
reduction  in  seizure  frequency  over  12  sessions37.  Although  a  2008  systematic  review  38  of 
psychological  treatments  in  epilepsy  found  no  evidence  of  benefit,  this  largely  reflected 
methodological  deficiencies  and  the  limited  number  of  studies  included.  In  more  recent  studies 
cognitive behavioural therapy approaches have been associated with significant (>50%) reductions in 
seizure frequency (37%) in a uncontrolled retrospective studies (n=60)39, and in a small (n=37) open 
randomised  control  trial  compared  to  relaxation40,  though  an  also  small  (n=27)  single  blinded 
randomised control trial of cognitive behavioural therapy versus counselling and wait list showed no 
































which  in our experience patients often  readily  volunteer,  yet may be disregarded  in a busy  clinic, 
perhaps  also  influenced  by  the  clinician  helplessness  in  the  face  of  weak  evidence,  and  lack  of 
resources  for  psychotherapeutic  or  behavioural  support.  There  are  however  a wealth  of  self‐help 
resources  in  this  field, and many people will  anyway  seek complementary  therapies privately. We 
suggest as a starting point any service could at least compile a list of local resources and recommend 
reading/self‐help website about stress management to offer to those in whom stress is identified as a 
potential  issue.  In  this  context, particularly  if  the patient will be expending  time or money on any 
intervention we recommend offering support in defining outcome measures and time frames for that 
individual  as  a  “trial  of  treatment”,  just  as  is  routine  practice when  changing  antiepileptic  drugs. 








recognizing  that  the  epilepsies  are  diverse with multiple  genetic  and  structural/metabolic  causes. 
Brain connectivity and responses to stress are likely to vary in different epilepsy types. For example, 
stress  is  thought  to  be  of  particular  importance  in  temporal  lobe  epilepsy,  and  the  decreased 
functional  connectivity  in  this  group47 might  reflect  underlying  network  abnormalities  resulting  in 
epilepsy that also affect their response to stress. In support, one recent case control study (n=23 each 
group)  in  left‐sided  temporal  lobe  epilepsy  has  shown  a  significant  relationship  between  seizure 
control and both the hypothalamic‐pituitary‐adrenal axis and functional MRI signal reactivity to acute 





a  more  attractive  prospect  on  this  background.  Neurosteroids,  specifically  ganaxolone  and 
allopregnanolone which are potent allosteric modulator of gamma‐aminobutyric acid‐A receptors are 
currently  under  investigations  as  antiepileptic  drugs19,  with  parallel  studies  underway  in  post‐
traumatic stress disorder and severe postpartum depression. It  is also worth mentioning that vagal 
nerve  stimulation,  an  established  treatment  for  epilepsy  with  known  effects  on  the  autonomic 
nervous  system  is  also  likely  to  also  influence  stress.    Non‐invasive  transcutaneous  vagal  nerve 
stimulation  in  healthy  individuals  during  functional  MRI  has  been  shown  to  cause  widespread 
decreased activation to high threshold stimulation in emotional/stress related regions of the limbic 
system,  associated  with  significant  improvements  in  well‐being  afterwards  compared  to  sham 



































































































































































Figure 1: Stress at work and in life  
Stress authors working on this paper (top), and a selection of headlines from recent UK newspapers.  
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Figure 2: Anatomy and Physiology of Stress  
Stress is the non-specific response of the body to any demand for change, and has multiple components. 
PVN = paraventricular nucleus of the hypothalamus; CRH = corticotropin-releasing hormone; CRH1 and 
CRH2 receptors; SAM = sympathetic adrenergic pathway of the autonomic nervous system; HPA = 
hypothalamic-pituitary-adrenal axis; AVP = vasopressin; ACTH = adrenpcorticotropic hormone. For other 
definitions and examples see box 1. Reproduced with kind permission from Springer International: 
Neuropsychiatry of Epilepsy, Chapter 15 Stress and epilepsy, 2016, Galtrey CM and Cock HR, figure 15.2 © 
Springer International Publishing Switzerland 2016.    
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Figure 3: Normal and maladaptive responses to acute and chronic stress  
The combination of acute (A and D), repeated (B and E) or chronic (C and F) stressors (green) with an 
appraisal of either acute or limited (A to C) or chronic (D to F) threat (red) can produce differing stress 
responses (blue) which can be acute with appropriate recovery (A) or adaption (B and C) or chronic and 
maladaptive with no recovery or adaption (D to F).  
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Figure 4: Stress and epileptogenesis  
Epileptogenesis is the process by which the previously normal brain is functionally altered and biased 
towards the generation of the abnormal electrical activity that subserves chronic seizures. The initial 
predisposing brain insult (e.g.  genetic, neurodevelopmental, trauma, infection or stroke), may itself 
seizures (e.g. febrile convulsions or prolonged status epilepticus). This is followed by a latent period during 
which the brain is altered by progressive cellular and network changes to create an epileptic brain. The 
latent period may last days or years, or in some instances be indistinguishable from the insult. Stress can 
affect each of these stages.  
94x45mm (300 x 300 DPI)  
 
 



































































Figure 5: Potential mechanisms by which stress promotes seizures 
__________seizure threshold at which unprovoked seizures may occur (= epilepsy) 
----------------seizure threshold in an individual over time  
__________brain activity fluctuations in response to stress    ↓         seizure 
A. Normal brain and stable epilepsy: Extreme physiological challenges (e.g. hypoxia, hypoglycaemia) may 
trigger in a “normal brain” (acute symptomatic seizures, not shown). In a person with epilepsy, seizures 
occur at a lower threshold and are by definition unprovoked, though may be triggered at this lower 
threshold by lessor events, which may include stress. 
B. Standard model of epileptogenesis:  Following an initial predisposing insult and latent period an 
individual’s seizure threshold decreases to a point where previously tolerated stressors now trigger seizures. 
This threshold may continue to decrease after the onset of epilepsy. 
C. (i) Early life stress lowers the starting threshold or (ii) Chronic stress accelerates epileptogenesis resulting 
in a vulnerable phenotype that develops seizures/epilepsy earlier or in response to milder stressors.  
D (i). Early life stress dysregulates stress response: Early life stress has minimal effect on the background 
threshold, but alters the HPA axis so that background and/or stress responses, and their effects on brain 
activity are exaggerated resulting in seizures. 
D(ii) Chronic stress increases brain activity increases background brain activity such that seizures are 
triggered more readily, including by fluctuations that would not previously have been ictogenic. 
Adapted kind permission from Springer International: Neuropsychiatry of Epilepsy, Chapter 15 Stress and 
epilepsy, 2016, Galtrey CM and Cock HR, figure 15.3 © Springer International Publishing Switzerland 
2016;    
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